
. 

RESEARCH MEMORANDUM 

FLIGBT EVALUATION OF THE LATEZLAL STABILITY AND CONTROL 

CHARACTERBTTCS OF THE COWAIR YF-102 AIRPLANE 

By Thomas R. Sisk, William H. Andrews, 
and Robert W. Darville 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
J m u q  16, 1951 



E 

By Tkcmas R. Sisk, William H. Anckews, 
and Robert W. D & U e  

The lateral   stabil i ty and control W a c t e r i s t i c s  were bvestigated 
on the Convair YF-102 airplane during flAghts of the National Advisory 
Cormittee f o r  Aeronautics reseaxch program. The investigation included 
gradually increasing  sideslips, rudder-fixed dleron  rolls ,  rudder pulses, 
and t r h  runs a t  altitudes of  25,000 and 40,000 feet over the test Mach 
nmfber range. A few  wtnd-up turm were  performed at an altitude of 
50,000 feet t o  investfgate  directional  stabiltty at blgh lifts. 

The la teral  handling chmacteristics appeared satisfactory when 
viewed In terns of gradually increasing sideslfps. A lasge  directional 
t r b  change was  encountered at a l l  altitudes  at a M a c h  nmiber of approx- 
Fmately 0.95 and a afrectianal divergence w a s  encountered a t  high l if ts  
(angle of attack qpr-tew a0). The laterd dynamtc stabi l i ty  
characteristics were generally  unsatisfactory  but more t o l e r d l e  at the 
higher speeds. Violent inertial  coupling was encountered aUring aileron 
r o l l s  a t  a Mach  number  of 0.74; however, no difficulty was encountered 
when observing the  restriction of rate of r o l l  of 100° per second and 
-Le of bank of looo. 

w 

The YF-102 airplane was designed as a high-performance, dl-weather 
interceptor, and is  currently undergoing flight evaluation of handla 
qualities at the NACA =@-Speed Flight Station at Edwards, C a l i f .  

The first  pcrtion of the flight program was  carried out with the .. original  symmetrical wing configuration; however, to improve the d r a g  
characteristics of the -lane, the wZng leading edge was c d e r e d  and 
the wing trail ing edge (mtb w a s  reflexed up looo . 



Gnly a small  amount of l a t e ra l   s t ab i l i t y  and control data was obtained 
with the symmetrical wing CO&igur&AOnj therefore, only the canibered- 
reflexed wing conf'iguration data. me shown fn t h i e  paper. These t e s t s  
were carried  out at d t i t u d e s  rang% from 20,000 t o  50,OOO fee t  over 
the Mach n W e r  range from 0 .& t o  1.17. Violent i ne r t i a l  coupling 
encountered during this investigation is reported in  reference 1. 

The flights included i n  this investigation were performed frm 
Noveniber 1954. t o  October 1955. 

normal acceleration  factor, g units 

transverse  acceleration  factor, g uni ts  

rolling-moment coefficient, Rol l ing  moment &$!Sb 
airplane  normal-force  coefficient, - Wan 

$v's 

yawing-moment coefficient , Yaum moment 
$Pv% 

p v  1 2  s 
lateral-force  coefficient, Latera1 force 

reciprocal of cycles  to dlemp t o  one-half q l i t u d e  

mean aerodynamic chord, f t  

la teral   s t ick  force,  lb 

longitudinal stick force, Ib 

rudder force, lb 

acceleration due t o  gravity, f't/sec2 

pressure  altitude, ft 

.yLII 
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.. 

moment of inertia about longitudlnd body axis, slug-ft2 

moment of inertia of rotat- engine parts about X-body axis, 
slug” 

moment of inertia about la teral  body =is, slug-f’t2 

moment of inertia about norm& body axis, slug-ft2 

product of inertia referred t o  X- and Z-axis, alug-ft2 

Mach nuniber 

period, sec 

ro-n -as velocity, r a a s s l s e c  

ro- acceleration, r&ans/sec2 

average roll-  velocfty,  r&ans/sec 

pltchtng  velocity,  r&ass/sec 

pitchtag ear acceleration, r&ans/sec2 

ya- Velocity, radtans/sec 

y a m  angulax acceleration, r-s/sec* 

wing area, ft2 

time t o  Clamp t o  one-half amplitude, sec 

time, sec 

time t o  bank t o  goo, sec 

true  velocity,  ft/sec 

equivalent  velocity, v fi, ft/sec 

indicated  velocity, q h  

equivdent side  velocity, - ft/sec W e  
57-3’ 
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W airplane  weight, lb 

wing-tip helix angle,  radians 

variation of wing-tip  helix  angle  wlth  lateral  control  angle, 
per deg 

variation  of  transverse  acceleration  factor  with  angle of 
sides~ip, g/deg 

variation of lateral  stick  force  with  angle of sideslip, Lb/deg 

variation of ruader  force with angle of sideslip, lb/deg 

variation of lateral control  angle  with  angle of sideslip 

variation of rudder  control angle with  angle of sideellp 

variation of rolling-mment  coefficient  wfth  aileron  deflec- 
tion,  per  radian 

variation  of  rolling-mment  coefficient wtth rudder  deflection, 
per  radian 

dc, 
d6a 

variation of yawing-moment coefficient  with  aileron  deflection, 
per  radian 

variation of yawing-moment  coefficient  with  rudder  deflection, 
per  radian 

miation of  rolling-moment  coefficient  with  angle of side- C 
28 2 slip, -, per radian 

a$ 



L 

I 

a 

B 

sa 

variation of lateral-force  coefficient with -le of side- 

angle of attack, deg 

angle of sideslip,  deg 

lateral   control  angle,  - seR, rlght r o l l  positive, deg '% 
6e + 8. 

longitudinal  control  angle, 2 'B, 
rudder control  angle, de@; 

l a te ra l   s t ick   pos i t ion ,   in .  

1ongitudFnal stick position, in. 
l e f t  rudder pedaL position, in. 
angle of p i tch   re la t ive  t o  flight-path direction, radian8 

density,. slugs/cu ft 

air density  ratio, 
PO 

bank angle, deg 

angle of yaw re la t ive  t o  flight-path direction, radians 

rotational  velocity of engine  rotor,  radians/sec 

nondlmensfonal undamped natmal frequency i n  pitch  of non- 
ro l l ing   a i rc raf t   ( ra t io  of pitching  frequency t o  steady 
ro l l ing  frequency) 

nondimensional undamped natural frequency in  yaw of nonrollfng 
a i r c ra f t  
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Subscripts: 

L l e f t  
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0 standard sea-level  conditions 

The tes t   a i rplane is  i l lus t ra ted  by the three-view dra- of f ig -  
ure 1 and the photograph6 of  figure 2. Physical  characteristics are 
presented i n  table  I. The airplane ie a-semitail less,  delta-- con- 
figuration  having 60' leading-edge sweepback of the WFng and ver t ica l  
s t a b i l i z e r .  The configuration d o d i e s  a 6.3 percent  conical cam- 
ber leadin@; edge, loo reflexed  tips, and wing fences  located at 37 md 
67 percent of the w i n g  semispan. 

The airplane i s  equipped wLth conventional  flap-type  control sur- 
faces which are actuated by an irreversible hydraulic power control  sys- 
tem that i s  integrated w3.th the stick and rudder pedals through an arti- 
f i c i a l   f e e l  system. The l a t e r d  control  forces a r e  provided by a sFznple 
mechanical spring so that the  s t ick  force is a constant  function of s t ick  
displacement. The rudder forces are provided  through a conibination of 
mechanical  spring  and  "q-feel" aechtmism. 

No  pitch o r  y-aw dampers were instal led on the airplane  during this 
investigation. 

The airplane W&E instrumented t o  record  the following quantities 
per t inent   to  the stability and control  investigation and a l l  instruments 
were correlated by a common timer: 

Airspeed and altitude 
Angle of  attack and sideslip 
Normal and transverse  acceleration 
Pitch, r o l l ,  m d  yawing velocit ies and accelerations 
Control  stick and rudder pedal positions 
Elevator,  aileron, and rudder  positfons 
Elevator,  aileron, and rudder  control  forces 
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- 
The  airspeed  head,  angle-of-attack vane, and  angle-of-sideslip  vane 

are  mounted on a boom  extending  forward of the  fuselage  nose.  The  static 
1 pressure  and  total  pressure  orffices on the  airspeed head are  located at 

points 79 inches and 87 inches,  respectively,  ahead of the  fuselage  zero 
station.  The  airspeed  installation was calibrated by the  standard  radar 
phototheodolite  method  and  the  Mach  nmiber is estimated  to be accurate 
to fO.O1. The  angle-of-attack a d  angle-of-sideslip  vanes  are  located 
approxlmately 64 inches  forward  of  the  fuselage  zero  station. The indi- 
cated  angle-of-attack  reading was corrected.  for  errors  introduced by 
boom  bending  and  pitching  velocity,  but no attempt was made  to  correct 
the  errors  resulting f r o m  vane  floatfng  or  upwash.  Corrections  to  the 
measured  sideslip  angles  for  errors  resulting  from rolling and y a w i n g  
velocities  are small and  have  been  disregarded. 

The airplane  weight was determined  from  the  pilot's  reading  of  the 
fuel.  quantity  gage at the  beginn- of each  maneuver and is  estFmated to 
be accurate  to *LOO pounds. 

TESTS 

Gradually  increasing  sideslips,  rudder-fixed  aileron  rolls,  rudder 
pulses,  and  trim runa were  performed  at 25,000 and 40,000 feet  over the 
test  Mach  nmiber  range. During the  initial  roll  investigation,  violent 
inertial  couplfng .was encountered, as  reported in reference 1, and  sub- - sequent  rol-  maneuvers  were  restricted  to a rate  of  roll of 100O per 
second  and  an  angle of bank  of looo. A few dnd-up turns  were  performed 
at an altitude  of 50 ,OOO feet to investigate the directional  diirergence - predicted by tunnel  tests  at  the  higher  angles of attack. It was nec- 
essary  to go to the higher  altitude  to develop the  h3.gher lift coeffi- 
cient  without  exceeding  the normal acceleration  limitation of 3.7g. 

Only cambered-reflexed  configuration  data  are  presented in this 
paper  since  most of the  information was obtqined  with this configuration. 

The  center  of  gravity  for  these  tests  varied  between 28.2 and 
3.0 percent of the mean aerodynamic  chord. 

Static  Stability  Characteristics 

Sideslip  characteristics.- A sumnary of the  sideslip  characteristics 
is  presented in figures 3 and 4. Ffgure 3 shows  representative'basic 

- plots of the  variation  of  longitudinal,  lateral,  and  directional control 
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angles;  transverse  acceleration;  and  lateral  and  directional  force  as a 
function of sideslip angle for  three  Mach  numbers  at an altitude  of 
40,000 feet.  Figure 4 summarizes  all  sideslip  data  at  altitudes  of 
25,000 and 40,000 feet  over  the  test  Mach rider range  with  the XF-92A air- 
plane  data  (ref. 2) added  for  comparison.  Sideslips  on  the YF-102 airplane 
were  limited  to  about 5' but,  within  this  range,  the  basic  plots of fig- 
ure 3 show  the  pitching  moment  resulting  from  sideslip  is small and  the 
variation  of  rudder  control  angle a,nd lateral  control angle with  side- 
slip  is  linear. In the summary presentation of figure 4, for comparable 

altitudes,  the  variation of transverse  acceleration  with  sideslip - 
f o r  the YF-102 airplane  is of the  order  of  two-thirds  that  of  the 
XF-92A airplane.  The  pilots  commented  that  the  sideslip  characteristics 
were  satisfactory  and  that  the  transverse  acceleration was not  excessive. 

I 

aa-t, 
dP 

Determination of static  derivatives.-  Figure 5 presents  the  varia- 
tion  with  Mach  number  of  the  static  derivatives Czsa, CzBrf kGa, 
and kS, which  were  used  to  obtain  the  effective  dihedral  parameter C 

and  the  directional  stability  parameter presented in figure 6. 
These  derivatives  and  the  Lateral  force  parameter % (fig. 6 )  were 

determined  according  to  the  method  outlined  in  the  appendix  for  the  test 
altitude of 40,000 feet.  The  Sideslip  parameters of ffgure 6 substantiate 

28 
CnP 

P 

the  variations  of presented  in figure 4. 

Directional  trim.-  The XF-102 airplane  experiences a severe  direc- 
tional  trFm change at Etll altitudes  at a Mach n&er of about 0.93. 
Figure 7 presents  the  rudder  trim  variation  wfth Mach number at an alti- 
tude of h , O O O  feet  where  rudder  deflection  of bo and  rudder  force of 
100 pounds  is  required to maintain a sideslip  angle of zero.  This abrupt 
directional  trim  change  is  excessive,  making  precise  control  of  the  air- 
plaae  difficult  in  this  speed  range. 

Divergence  at  high  lift.-  Several  wind-up  turns  were  performed with 
the YF-102 airplane  at  an  altitude  of 50,OOO feet to study  the high lift 
directional.  stability  characteristics  without  exceeding  the  limit load 
factor  of  3.7g.  One of these  turns  to maximum % (fig. 8 )  exceeded 

an angle  of  attack of 20° and  the  airplane  diverged  in  sideslip to 10' 
before  recovery  could  be  effected.  Additional turns have been  performed 
at 50,000 feet  to  investigate  this  divergence  further;  however,  buffet- 
has  generally  limited  these  turns  to 18O in angle of attack. Two of 
these t m s  did  exceed 18O, however, and the  beginning  of a directional 
divergence  was  indicated. It would  seem,  then,  that a directional  diver- 
gence  might  be  anticipated  whenever  the  angle of attack  exceeds 20'. 

,, 

A 



- Too few divergences were encountered t o  obtafn reaeonably accurate p i l o t  
comments on the maneuver; however, with  the low pitch rate in the one 
maneuver  where divergence was attained,  the pilot f e l t  he could control 
the aivergence by decreasing the angle of attack  before extreme d u e s  
of sideslip were reached. 

- 

Dynamic Characteristics 

Period and .- The period and m l n g  as a function of Mach 

plotted agEtfnst f o r  coqarison with  the  Specification of reference 3 
are  presented €n figure 9. Inspection of figure  g(a)  reveals that P 
and 9 1/2 vary as might be expected. The Specification  states  that  the 
wing of  the  lateral-directional  oscillation shall be such that  the 

1 

d m ~ i n g  parameter - has a value greater than that shown by the L 

%/2 
curve of figure  g(b) .' Figure  g(b) shows that the YF-102 in camparison 
wZth the  Specification  varies from unsatisfactory a t  the low speeds t o  
marginally satisfactory at the high speeds. The pi lots   fe l t  the la teral  
period and damping chazacteristics  obtained from rudder pulses were  gen- 
erally  unsatisfactory  but more tolerable  at  the higher speeds. This i s  
pointed out in figure g(b) which shorn the  pilot 's  rating of each pulse. 
The pilots considered the roll-to-yaw (effective dihe-) to be objec- 
tionably high over mos t  of the speed range covered fn the  tests, with 

c the  airplane be- very sensitive in r o l l .  Also shown in  figure 9, f o r  
comparison, are xF-92A data f o r  a n  altitude of 30,OOO feet. 

- Residual oscillations.- Residual oscillations have  been encountered 
at all speeds and altitudes with the YT-102 airplane. These oscille.tdons 
are not severe enough t o  restrict  the maneuvering capabilities of the 
airplane,  but  the p i lo t s  fe l t  the  oscillation would make the execution 
of precision maneuvers (tracking runs, f o r  -le) extremely fiffidt. 
Figure 10 presents time histories of two such ruzls a t  low speed a t  an 
altitude of approximately 20,000 feet. 

Rolling Chazacteristics 

Landing configuration.- Reference 3 states that a t  l o w  speed the 

average - pb s h a l l  equ8l 0.05 for  the first 30° of  bank. Figure Jl pre- 

sents a time history of a low-speed aileron r o l l  with gem down where 

the average e q d e d  0.036 at a bank angle of 30' showing that the 

YF-102 airplane will not meet the low-speed r o l l  requirements of the 

r o l l i n g  characteristics of  the YF-102 airplane t o  be satisfactory. 

2v 

- 
2v 

- Mtlitary  Specification. The p i lo t s ,  however, reported  the low-speed 
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Clean  configuration. - Figure  =(a)  presents the variation of w3ng- 
t ip  helix  angle  with lateral control  angle  for  the higher speeds and 
shows that t h i s  variation is  l inear  over the reage of control  deflections 
tested.  Figure  l2(b)  presents  the  variation of  with Mach  number 
and the time t o  bank t o  90' fo r  one-qparter and one-half  control  deflec- 
tion.  Figure E ( b )  indicates that the YF-102 airplane,  for one-half 
control  deflection, would not m e e t  the Military  Specification of = 0.w 2v 
or  1 second t o  reach an angle of bank of looo. A t  higher control  deflec- 
tions, it appears  the YF-102 would meet the re,Cpirementsj however, the 
airplane is  presently limited t o  100' per second rate of rol l  end 100' 
of bank because of violent inertial coupling that has been encountered. 

Ro l l  coupling.-  Figure 13(ct) ia a time histo of an a i le ron   ro l l  
executed at an al t i tude of 39,000 fee t  at M = 0.z i n  which violent 
coupling was encountered. The sideslip  angle  increased  to 30° and the 
normal acceleration exceeded the raage of the instrument at -2.6g in 
t h i s  maneuver. Af'ter this maneuver, the  airplane was r e s t r i c t ed   t o  100' 
per second rate of r o l l  and 100° -le of bank by the  manufacturer. A 
more complete discussion of this maneuver i s  found i n  reference 1. Fig- 
ure 13(b) presents two representative  t ime  histories  of  restricted  rolls  
at M = 0.85 and M = 1.15, showing that no excessive amplitudes i n  
angle of attack o r  sideslip were encountered i n  observing this limita- 
tion.  Additional maneuvers were performed  observing the rol l   l fmitat ion 
where the airplane w a ~  rol led from wings leve l  tp a bask angle of 45O, 
then from 45' *le of bank in one direct ion  to  45' angle of bank i n  
the  opposite  direction. The p i lo t s  commented that, for  these  conditions, 
the  lateral   control  characterist ics appeared  sahisfactory. 

Figure 14(a) i s  a summary of the  transonic  speed rolls performed 
a t  40,000 f ee t  where the  unrestr ic ted  rol ls  that were performed p r i o r   t o  
the  violent  coupling maneuver of figure 13( a) &re indicated by solid 
synibols. This 6- plot  shows that no appreciable changes in   s idesl ip  
angle  or  angle of attack  occurred with the   res t r ic t ion of 100' per second 
rate of roll and looo angle of  bmk placed on the -lane, as evidenced 
by  the  envelope  around the Ap and values.  Conversely, the unre- 
s t r ic ted  r o l l s  show considerably lmger changes i n  Af3 and Aa, partic- 
ularly a t  the lower  speeds. The violent maneuver of figure 13(a) i s  
shown in figure 14(8) where the  sideslip  angle  increased t o  30° and the 
angle of attack exceeded a 1g0 variation from trim. Figure 14(b) pre- 
sents  the low-speed characteristics,  gear up and gear down, with the 
res t r ic t ion  and extends the restr ic ted r o l l  data of  figure lli(a) in that 
110 appreciable changes in sideslip  angle  or  angle  of  attack were encoun- 
tered. The recovery  values  of A p  and hr were gener- smaller  than 
the Fnitial values and, f o r  c lar i ty ,   are  omitted from the  figure. 



- Host of the   a i le ron   ro l l  data were obtained with the res t r ic t ion  
of loOo per second r a t e  of ro l l  and looo angle  of bask in  which no e o -  
lent  inertial   coupling w a s  anticipated  or  encountered. There are many 
factors that influence  the  severity of r o l l  COUplfng; however, aa pointed 
out in reference 4, plots of the type  presented i n  figures 15 and 16 can 
be  used as a guide in determlnbg flight conditions where serious roll 
coupling  might be  expected in 360° r o l l s .  Figure 15 presents  a r o l l  
s t ab i l i t y   p lo t  of the type  discussed in reference 4 fo r  the YF”102 air- 
plane at three Mach nmibers. It is evident that a t  all Mach nuxibere the  
proportioning of L o n g i t u W  t o  d i rec t iona l   s tab i l i ty  is such that the 
initial coupled  motion would be prhuarily a s idesl ip  excursfon. Further- 
more, this stabil i ty  proportioning becomes less desirable as Mach nmiber 
increases. The r o l l   r a t e s   a t  which the lines of figure 15 cross the 
ver t ica l  boundary were shown in reference 4 to   cor re la te  fairly w e l l  
with  the  average r o l l  rate a t  w h i c h  peak  coupling effects  were obtained 
in 360° r o l l  CdcuJ-ations. TMS rol l   veloci ty ,  termed “lower  resonant 
frequency,** has been plot ted in the flight envelope of figure 16. Also 
shown in tbis figure is  the approximate m a x h m  average r o l l  ra te   a t ta in-  
able in  1 g flight. Thus it is seen that roll rates a t  which serious 
coupling  effects night be  obtained me possible  throughout most of the 
test Mach nmiber range f o r  this airplane. As a matter of Interest ,  the 
flight condition of ftgure 13(a) i s  plot ted in figure 16. TIE roll ra te  
of -1.55 radians per second at which peak  coupling  ‘effects might be 
expected,  correlated rather w e l l  with the average r o l l  rate obtain& from 
figure  13(a) (1.57 r&ans/sec to  control  reversal)  . 

I 

” cmcMTs1oNs 

- Results  obtafned frcm the l a t e r a l   s t a k i l i t y  and control  investige- 
tion performed on the YF-102 airplane indLcate the following  conclusions: 

1. The s t a t i c   l a t e r a l   s t a b i l i t y   W a d e r i s t i c s ,  es measured in  
sideslip,  appear  satisfactory. There is  adequate  rudder power over the 
ent i re  speed  range. 

2. A large  directional trln change was encountered at a Mach  number 
of approximately 0.95 at a l l  al t i tudes.  

3. A dfrectional  divergence was encountered in --up turns where 
the  angle of attack exceeded 20°. 

4. The p i lo t s  f e l t  that the ~ ~ . ~ a m i c  characteristics,  as measured 
in  rudder  pulses, were generally  unsatisfactory  but more tolerable at 
the higher  speeds. 



5. Although t h e   a m l a n e  did not meet the  Military  Specification 
for   the landing configuration, the pilots  reported  the low-speed rolling 
Characteristics  to  be  satisfactory.  Violent inertial coupling was 
encountered: in an aileron roll at a Mach nmiber of 0.74; however, no 
di f f icu l ty  was encountered when observing the  res t r ic t ion of rate of  roll 
of 100° per second and aagle of bank of 100'. 

High-speed Flight  Station,. 
National Advisory Collrmittee fo r  Aeronautics, 

Edwards, C a l i f . ,  June 25, 1956. 
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The variation of the  effective dihedral parameter C the direc- 
8’ 

tional  stability parameter G, and the  lateral-force paremeter Cy 
were determined f o r  the YF-102 airplase  fromthe followLng equations 

8” B 

The basic r and p equations of motion &out the body axis are 

where 

If the accelerations axe considered before  the angular velocities 
and displacements reach  appreciable values, and i f  the  other second 
order effects are neglected,  equations (4) and ( 5 )  reduce to 



14 

The variatfon of  rolling- and yawing-moment coefficient nith respect 
t o  aileron and rudder deflection was determined  by u s i n g  equations (6) 
and (7) from the  initial phase of rudder pulses and rudder-fixed  aileron 
rolls as follows 

d C 2  - 
“ 

IXA’ from rudder-fixed  aileron rolls 

- =  dC2 
from rudder  pulses 

” 
dcn - from rudder  pulses 
ab +2sb 2 

The following plots show representative magnitudes  of and 
and times considered in analyzing the  rudder-fixed aileron rolls and 
rudder pulses. 

In  determining Cy the  control-fixed portion of the rudder pulses 
P’ 

was used t o  determine the  variation of transverse  acceleration  with 
sideslip angle. 
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TABU I 

wing: 
Nrfo i l  section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA IXOk-65 (mKdIfieU) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sgan. ft Total area. sq it 635.04 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.19 

Tipcho?xl.f% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.61 
.perratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.025 

Meanaemdynemicchord. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23.?3 
Rootchord. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35.03 

A ~ p c t r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 9  
Bneg at leading edge. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6306 
Incidence. de8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
DlhedraI.,&eg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
conical caber (leading e@). percent chord 

0 . . . . . . . . . . . . . . . . . . . . . . .  6.3 
GemetricMEt, drsg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
InboaFd fence. percent uing a d s p a n  

0 
37 

O u t b o d  fence, percent !dug semispan . . . . . . . . . . . . . . . . . . . . . . . . . . .  07 
Tigreflex,Qg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Elevons: 
~ r r e  total. re- of hinge line). sq ft . . . . . . . . . . . . . . . . . . . . . . . .  67 .TI 
Root chord ( r e a w a r d  of hinge line. psraUel to  fuselage cartar m), ft 

u.26 
3-15 

Elevator trexe1. deg: 
2.03 

[one e l m ) .  ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  
Tip chord (rearxard O f  hinge line). ft . . . . . . . . . . . . . . . . . . . . . . . . . .  

up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j 5  
mvn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Ail- travel  total. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ d r a u l l c  

vertical tail: 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA oodr-63 (-Zed) 
Area (above station 33), sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68.33 

Height above fuselage center line. Ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.k1 
bo &eegatle"e~&g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RudBer: 
h a  (rearvarda? hinge line). eq ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.47 
3pan. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Root c h d  (rearwaril of binge line). ft 

5.63 
2.10 . . . . . . . . . . . . . . . . . . . . . . . . . .  1.61 

Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FLydraulfc 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
~ p c h o r d ( T e a w a r d O f ~ ~ l b ) ,  ft 
haVel ,  Be8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *25 

Fuselage: 
Length. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K"ter. ft 

52.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.5 

Fwer  plant: 
w e  . . . . . . . . . . . . . . . . . . . . . .  FTatt & Whifney J57-P-ll turboJet vith afterburner 

Rating: 
Statilc  thrust et nea level. lb . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Static thrust at  sea level. aftmbwmer. lb . . . . . . . . . . . . . . . . . . . . . .  

Weight: 
m y  weight, lb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21. 239 
Totsz wight (1. 010 gal fuel) .  lb . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27. 800 

mter-of-grav1t.y location. percent E :  
mptynight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TotdveIght  

5 - 6  21. 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
tdmomts of inertia (for 24.00 0-lb gross weight): 

Ix. SlUg-ft2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13. ax 
r,. elug-ft2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106. m 
Iz. slug-ft2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114. W 

I X Z . B l  w.& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3. 740 

ltlclination of principal axi6 bolm reference a r i a  at M B ~ .  Beg . . . . . . . . . . . . . . .  2 
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Figure 1.- Three-view drawing of YF-102 airplane. 
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Right 

(a) M = 0.n; $ = 40,100 feet; 5: 0.265; a = 8.4O. 

Figure 3. - Typical miations of control positions, transverse accelera- 
t ion,  and aileron and rudder force with sideslip angle. YF-l.02 
"9 
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at, B 

R I  ght 

( c )  M = 1.01; $ = 40,320 feet; C!N* = 0.132; u = L O 0 .  

Figure 3. - Concluded. 
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Figure 4.- Summtuy of the- sideslip characteristics of the YF-102 airplane. 
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Figure 5.- Stability  derivatives determined from fU&t data at an alti- - tude of 40,OOO feet with the Convair YF-102 airplane. 
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Figure 6 .  - Calculation of s ides l ip  parameters for the D-102 airplane. 
hp = kl,OOO feet .  

.- 
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- Figure 7.- Rudder required to maintain zero s ides l ip  at % = @,om feet. 

YF-102 airplane. 
c 
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Righ 
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Figure 8.- W i n d - q  turn at hp = 50,000 feet i n  which directional  diver- 
gence was encountered. YF-102 airplane. 
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(b) MAlitary specification requirements. - 
Figure 9. - Period and dam@ng characteristfcs of  the YF-l.02 airplane 

obtained f r o m  rudder pulses. - 
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Figure 10.- Ty-pical residual oscillaeions encountered on the YF-102 
airplane. 
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(b) hp = 22,000 feet. 

Figure 10.- Concluded. 
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80 
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‘ O i  
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Figure U.- Time history of a full deflection aileron r o l l  performed at 
V i  = 1’jO knots and an altitude of 10,000 feet. 
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.02 

(a) VUiation of wing-tip helix angle with lateral control  angle. 

Figure 12. - R o l L M q  characteristics of the YE-102 -lane. 
hp = 40,000 feet. 
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pb/2V 
+I 

0 

M 

(b) Variation of - and time t o  bank t o  goo with Mach number. Pb/m 
Ea 

For the YF-102 airplane. hp = 40,000 feet .  

Figure 12.- Concluded. 
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(a) Unrestricted  aileron ro l l  fn which inertial 
coupling was experienced. 

Figure 13.- Time histories of aileron r o l l s  performed on the YF-102 air- 
plane. + = 39,000 feet. 
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4- 

(b) Restricted aileron rolls ( U30°/sec rate and lo00 angle of bank).  

Figure 13.- Concluded. 
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Aa from trim, 

M 

(a) Transonfc speed. + = 40,000 feet. 

Flgure 14. - Summary of aileron ro- on the YF-102 airplane. 



Right 

@Ap, rcdions/sec 

A& = 1/4 deflection 
Flagged symbols - gear down 

Right 

(b) Low speed. + = 25,000 feet. 

Figure 14. - Concluded. 



Figure 15.- S t a b i l i t y  boundaries for the YF-102 airplane. 
hp = 40,OOO feet  (ref. 4). Left r o l l s .  

37 



. .  

. .. 
. .  . . . . .  . .. 

60 x IO3 

50 

40 

30 

20 

IO 
- - - - 

0 . 2  .4 .6 .8 1.0 I .2 I .4 M P h 

. .. . .  



. .  L 

L 

1 .  

t 

i 


